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ABSTRACT
Purpose: To determine the accuracy of temporal artery and axillary temperatures and the discomfort level of stable
neonates during temperature measurement.
Subjects: Convenience sample of neonates between the ages of 32 and 40 weeks’ gestation cared for in an isolette or crib.
Design: A method-comparison design was used to compare different methods for noninvasive temperature monitoring
(infra-red temporal artery; axillary electronic) to core body temperatures (indwelling rectal probe).
Main Outcome Measure: Bias and precision of test temperature devices (temporal artery; axillary).
Results: Bias and precision for the temporal artery and axillary devices were 0.30 ⫾ 0.44 and 0.28 ⫾ 0.33, respectively.
Analysis of variance found significant differences between both temporal and axillary temperatures compared to rectal
temperatures (P ⬍ .01). Statistical differences were small and did not represent a clinically important difference. No statistical difference was found between temporal artery and axillary temperatures (P ⫽ .81). Increases in neonate discomfort after temperature measurement were significantly greater with axillary than increases after temporal artery temperature measurement (P ⫽ .03).
Conclusions: This study found that body temperature measured with the temporal artery thermometer was similar to
temperatures obtained with an axillary thermometer in stable, afebrile neonates. The use of temporal artery thermometry appears to be an acceptable approach for noninvasive temperature measurement in neonates, which causes less
discomfort in neonates.
KEY WORDS: axillary temperature, core temperature, neonates, rectal temperature, temporal artery temperature

he monitoring of temperature in hospitalized
patients is important for the early identification
of complications and to guide medical interventions. In critically ill neonates, the importance is
magnified because of the high incidence of ther-
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moregulatory problems in this population of premature infants.1 Accuracy of the device for temperature
monitoring is essential to maximize quality care to
this vulnerable patient population.
The most common sites and methods used clinically for temperature monitoring in the neonatal
intensive care unit (NICU) are axillary temperatures
measured with an electronic thermometer (Figure 1A)
and skin temperatures measured with thermistors
that are connected to an overhead warmer or an isolette. Well-designed clinical studies, though, have
found large discrepancies between skin temperatures
and more direct measures of core body temperature
(esophageal or rectal sites using electronic thermistor
devices).2-4 Axillary temperatures measured with an
electronic thermometer probe, while previously
shown to have acceptable accuracy in neonates and
newborns,5-11 are difficult to obtain without disturbing
the neonate. These disturbances can cause increases
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in respiratory rates and heart rates, with decreases in
oxygen saturation levels, circumstances that are best
avoided in critically ill neonates.
Recently, a noninvasive infrared tympanic thermometer device was altered to allow temperature
monitoring by sweeping the infrared device across the
forehead and temporal artery (Figure 1B).12,13 The
temporal artery thermometer uses a scanner probe to
detect thermal radiation emitted from the skin under
the sensor, displaying the highest temperature measured. This displayed temperature is actually a calculated temperature based on a proprietary algorithm
used to compensate for ambient temperatures that are
measured as well by the device.12,14 Clinical studies of
the temporal artery device in children and adults
found the device to be more accurate than tympanic
and/or axillary temperature devices.14-27 To date, no
published data were located that examined the accuracy of the temporal artery device in neonates. If
accurate, the unencumbered accessibility of the forehead for temperature monitoring would make this a

FIGURE 1.
A
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preferred way to monitor noninvasive temperature in
neonates rather than the axillary method.
The primary purpose of this study was to determine the accuracy of the temporal artery thermometer in neonates including the bias and precision of test
temperature devices (temporal artery; axillary).
An additional purpose was to determine the discomfort associated with temperature measurement with
both the temporal artery and axillary thermometers.

MATERIALS

AND

METHODS

This study was conducted in a level IIIa NICU in a
not-for-profit hospital in the Western United States.
Prior to data collection, review and approval of the
study were obtained from the investigational review
board of the health system. Informed consent was
obtained from a parent of the neonate.

Study Design
A method-comparison study design was used to evaluate the level of agreement between 2 test thermometers (temporal artery; axillary) and the reference standard thermometer (indwelling rectal). Each subject
served as his or her own control and was randomly
assigned to the order of temperature measurement
(temporal artery or axillary first) using a computergenerated random number sequencer. The primary
dependent variable was the difference in temperature
calculated by subtracting the reference temperature
value from the test temperature value. A secondary
variable was the change in discomfort scores associated with temperature measurement.

Sample Selection

B

Different methods for monitoring body temperature in
neonates: A. Axillary temperature measurements with an
electronic thermometer; B. Temporal artery temperature
measurement with an infrared thermometer.

Subjects for this study were neonates in the NICU
with gestational age between 32 and 40 weeks at birth
who were being cared for in an isolette or crib.
Exclusion criteria included the following: requirement of a radiant warmer; presence of tape on the
forehead or temporal area or a bilirubin mask; fractured clavicle; neonatal pain scale score greater than
6; any rectal abnormalities; and/or antipyretic medication administration within 4 hours.
The calculated sample size for this study was a minimum of 33 subjects. Sample size was determined with
power analysis for analysis of variance (1 between
factor, 1 within factor) with a power of 0.8, an alpha
level of .05, and an effect size of 0.50.28,29 Effect size
was calculated using a standard effect size formula
(effect size ⫽ [meangroupA ⫺ meangroupB]/SD)29 and
was based on clinical judgment that differences
between the test temperature devices (temporal; axillary) and the rectal temperature of greater than 0.5⬚C
would limit the clinical utility of that device for temperature measurement and clinical decision-making
surrounding temperature management of the neonate.
Standard deviation data for the sample size calculation
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(SD ⫽ 0.9) were estimated from previous studies of
temperature devices in children.17,18

Instruments
The following devices or scales were used in this study:
1. Rectal temperature (reference standard). A 9 Fr, level 1
Esophageal/Rectal Temperature Probe (Smiths
Medical ASD, Inc, Rockland, Massachusetts), with
a thermistor equivalent to YSI 400 series and
connected to a DASH 5000 cardiac monitor (GE
Health care, Waukesha, Wisconsin) for digital
display of the temperature. Device accuracy
reported by the manufacturer is less than ⫾0.1⬚C.
Temperatures were obtained according to manufacturers’ guidelines in the monitor mode (Table 1).
2. Temporal artery temperature (test device). An infra-red,
electronic temperature device (Model #TAT 5000,
Exergen, Watertown, Massachusetts), which is
moved across the forehead area according to the
manufacturer’s directions (Table 1). Device accuracy
reported by the manufacturer is less than ⫾0.1⬚C.
3. Axillary temperature (test device). An electronic
temperature device (Welch-Allyn Sure Temp
Plus, Model 692 Thermometer, Welch Allyn,
Inc, San Diego, California) placed in the axillary
mode with the probe inserted into the axillary
fold according to the manufacturer’s directions
(Table 1). Device accuracy reported by the manufacturer is less than ⫾0.1⬚C.
4. Infant Discomfort Scale. A behavior assessment scale
with 5 levels ranging from drowsy/asleep to agi-

tated (Table 2).18,30 Higher scores represent greater
discomfort. The Infant Discomfort Scale has been
primarily used in emergency departments and on
older infants. Reliability and validity of this scale
in neonates have not been established.

Procedure
Prior to data collection, study investigators were trained
in all study-related procedures (proper use of temperature devices; scoring of behavior with the Infant
Distress Scale; provision of informed consent).
Biomedical engineering at the study site validated
the performance of all temperature devices and equipment within manufacturers’ specifications prior to data
collection.
Following parental consent, an indwelling rectal thermometer probe was inserted by a neonatal nurse practitioner using standard procedures (Table 1). At least 5
minutes after insertion of the rectal probe, at a time
when temperature measurement was required for usual
clinical care, axillary and temporal artery temperatures
were obtained according to the manufacturer’s directions (Table 1). The order of temporal artery and axillary temperature measurements was randomly assigned
by computer. A period of less than 2 minutes occurred
between the sequential temperature measurements.
Before and after the temporal and axillary temperature measurements, rectal temperature was recorded.
The subject was rated with the Infant Discomfort
Scale before and after temporal and axillary temperature measurements (Table 2).

TABLE 1. Procedure Used for Obtaining Rectal, Temporal Artery, and Axillary
Temperatures in Neonates
Rectal temperature measurement
1. Lubricate and gently insert the disposable rectal probe to 5 cm. If resistance is felt during insertion, withdraw probe
immediately.
2. Following at least a 5-min equilibration period, record the rectal temperature from the DASH 5000 GE Medical Systems
Technologies cardiac monitor in degree centigrade.
Axillary temperature measurement
1. Gently lift the neonate’s arm so that the entire axilla is easily observed and insert the covered probe tip of the electronic thermometer as high as possible in the axilla with the tip directly in the skin folds. Verify that the probe tip is
completely surrounded by axillary tissue and place the arm snugly at the patient’s side. Be sure that there is not any
clothing, monitor leads, or vernix in contact with the probe. Hold the patient’s arm in this position and do not allow
movement of the arm or probe during the measurement cycle.
2. The unit will beep 3 times when the final temperature is reached. Record the axillary temperature in degree centigrade
and remove the probe from the patient’s axilla.
Temporal artery temperature measurement
1. Brush the neonate’s hair aside if covering temporal area
2. Depress button to turn on thermometer
3. With probe flush on center of forehead, depress and hold the button while slowly sliding the probe straight across the
forehead to the location of the temporal artery (midline about 2 mm below the surface of the skin along the hair line).
4. Release the button and record the temporal artery temperature in degree centigrade
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TABLE 2. Adapted Infant Discomfort Scale
Score

Description of Behavior

1—Drowsy/asleep
2—Relaxed
3—Anxious
4—Upset
5—Agitated

Eyes closed, may respond to stimulation
Lying with eyes open, accepts intervention readily
Verbal and nonverbal signals observed, accepts comfort measures and
intervention reluctantly
Crying, nonverbal cues of over stimulation exhibited, considerable effort
required to achieve compliance with intervention
General loud or high-pitched crying, requires physical restraint, strongly
refuses intervention

From Greenes and Fleisher18 and Shane et al.30

Data Analysis
Data were summarized using descriptive statistics (range,
mean, SD, percentiles). Bias and precision were calculated to quantify the differences between the test and reference standard temperatures.31.32 Test temperature
device values (temporal artery; axillary) were compared
with reference standard temperature device values (rectal temperature obtained immediately after test device
temperatures) according to the method of Bland and
Altman.31-34 Analysis of variance was used to determine
whether differences between test and reference standard
temperature devices were significant and/or whether the
order of device testing effected temperature differences.
The Bonferroni multiple comparison test was used for
post hoc testing between groups. Chi-square analysis was
used to determine whether changes in discomfort scores
after temperature measurement were different between
the temporal artery and axillary methods. The level of
significance for all tests was P ⬍ .05.

RESULTS
A total of 34 subjects (18 males and 16 females) were
studied. Patient characteristics are presented in Table
3. Ages of the subjects ranged from 32 to 40 weeks with

an average age of 35.7 ⫾ 1.8 (⫾SD) weeks. There were
no statistical differences between the 2 groups related
to gender or gestational age. Temperatures ranged
from 35.9⬚C to 37.2⬚C, with an average of 36.7⬚C ⫾
0.38⬚C (Table 3). Changes in rectal temperature from
before and after temperature measurement with the
test devices averaged 0.02⬚C ⫾ 0.06⬚C, with 32 of the
34 subjects exhibiting temperature changes of 0.1⬚C or
less. Two subjects had a 0.2⬚C change in rectal temperature during data collection.
Average (⫾SD) values for temperatures with the 3
temperature devices are summarized in Table 4 and
Figure 2. Table 4 and Figure 3 graph displays the difference scores for each subject between the temporal
artery and the reference standard device (rectal temperature), as well as the bias (average temperature difference between test and rectal devices) and precision
(⫾SD for temperature difference scores) for those
devices. Average temperature differences (bias) ⫾
SD (precision) for the test thermometers (temporal
artery; axillary) compared to the reference standard
(rectal) thermometer were 0.30⬚C ⫾ 0.44⬚C for the
temporal artery device and 0.28⬚C ⫾ 0.33⬚C for the
axillary device (Figure 3; Table 4). The percentage of
subjects who had more than 0.5⬚C differences

TABLE 3. Demographic and Baseline Data for 34 Neonates Randomly Assigned to 2
Different Sequences for Temperature Measurement With the Temporal Artery
and Axillary Temperature Devices. (A) Group 1 (Temporal Artery and Axillary)
and (B) Group 2 (Axillary: Temporal Artery)
Subjects

Gender
Male
Female
Age (weeks gestation at birth), mean ⫾ SD
Rectal temperatures (degrees C), mean ⫾ SD

Combined (N ⫽ 34)

Group 1 (N ⫽ 18)

Group 2 (N ⫽ 16)

18 (53%)
16 (47%)
35.7 ⫾ 1.8
36.7 ⫾ 0.38

10 (59%)
7 (41%)
36.0 ⫾ 1.8
36.7 ⫾ 0.38

8 (47%)
9 (53%)
35.3 ⫾ 1.7
36.6 ⫾ 0.37

Advances in Neonatal Care • Vol. 11, No. 1
Copyright © 2011 National Association of Neonatal Nurses. Unauthorized reproduction of this article is prohibited.

66

Lee et al

FIGURE 2.

Comarison of average 9(⫾SD) temperatures measured
with 3 different devices (temporal artery, axillary,
rectal) in 34 stable, afebrile neonates.

between the test thermometer and the reference standard thermometer was 27% (n ⫽ 9) for the temporal
artery device and 18% (n ⫽ 6) for the axillary device.
The percentage of subjects who had 1.0⬚C or more
difference between the test thermometers and the rectal reference standard thermometer were 6% (n ⫽ 2)
for the temporal artery device and 3% (n ⫽ 1) for the
axillary device.
Significant differences were found between the
temperature devices (F2,95 ⫽ 7.69, P ⬍ .008) but not
for the order of temperature device testing (F1,95 ⫽
0.43, P ⫽ .84). Multiple comparison testing found a
significant difference in temperature between the
temporal artery and rectal temperature devices (P ⫽
.0007) and the axillary and rectal temperature
devices (P ⫽ .0016). No statistical significant difference was found between the temporal artery and
axillary temperatures (P ⫽ .81). Post hoc power
analysis for repeated-measures analysis of variance
found power of the study to be more than 0.90.29
Discomfort scores before each of the temperature
measurements were low, with all but 1 subject scoring a
1 (drowsy) or 2 (relaxed). Discomfort scores after temperature measurement were higher in 3 neonates (9%)
with the temporal artery device than baseline scores,
with 14 neonates (41%) having higher discomfort scores
after axillary temperature measurement (Table 5). The
majority of discomfort scores for the neonates were
unchanged during both temperature measurements
(82% for temporal artery; 53% for axillary). Chi-square
analysis found a significant difference in the discomfort
score changes between the 2 temperature devices (2 ⫽
10.7, df ⫽ 4, P ⫽ .03).

DISCUSSION
This is the first clinical study to evaluate the accuracy of
temporal artery thermometry in the neonatal
population. We found that temperatures measured with

a temporal artery thermometer were statistically different from an indwelling rectal probe temperature. The
clinical significance, though, of this temperature difference is best appreciated by evaluation of the bias and
precision of the temporal artery temperature device displayed in the Bland-Altman graph (Figure 3A). Bias
refers to any influence that may produce a distortion in
the results of the study. Precision refers to the reliability
of the results. The bias value for the temporal artery
device was close to 0.0 and represents clinically insignificant differences between the devices and rectal temperatures. Precision values for both devices were within the
acceptable range of ⫾0.5⬚C or less often cited by
experts14,22,35,36 or used in other temperature research
studies as necessary for clinical use of a temperature
device as a surrogate for a core temperature measured
with an invasive temperature device. Since the bias and
precision values observed in this study for the temporal
artery temperature device were small and/or within
acceptable ranges, these data support the use of temporal artery temperatures for estimating core temperatures
in stable, nonfebrile neonates.
While this is the first study to evaluate the accuracy
of temporal artery thermometry in neonates, prior
studies in infants younger than 24 months17,20,27 and
children23 found similarly small biases and acceptable
precisions for the temporal artery temperature device.
Similar to our findings, one of the studies found a positive bias, reflecting a higher temporal artery value
than rectal temperatures,20 whereas some studies
found lower bias values (temporal artery temperatures lower than rectal).17,27 In adults, several studies
have also found the bias of the temporal artery device
to be higher than the core device, particularly in normothermic body temperatures.12,37,38 Since all of the
temporal artery temperature devices used in this and
prior studies were made by the same manufacturer,
calibrated prior to data collection, and allowed to
equilibrate with the ambient temperature in the isolette prior to use, the most likely explanation for the
variation in bias values is the small bias values and
their proximity to zero. The difference between a
negative or positive bias could easily be due to a few
additional positive or negative values for individual
subjects in one study compared to another. Another
possible explanation is that the manufacturer’s
proprietary algorithm for adjusting the measured
temperature prior to digital display is overcorrecting
temperatures to reflect core temperatures.
This study also found that axillary temperatures
were statistically different from indwelling rectal
probe temperatures. Axillary bias and precision values, as well as Bland-Altman graphed data, were similar to our findings with the temporal artery and rectal temperature devices. Again, while the axillary
temperatures were statistically different from rectal
temperatures, these differences were small and not
clinically important. Prior comparisons of axillary
www.advancesinneonatalcare.org
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FIGURE 3.

Bland-Altman plots of temperature differences (average difference=bias) and limits of agreement (⫾SD) in degree
Celsius between the rectal reference standard temperature device and the temporal artery (A) and axillary (B) temperature devices in 34 stable, afebrile neonates.

and rectal temperatures have found the smallest differences in infants (usually 0.2⬚C ),5-9,11,39,40 with differences increasing as age increases to adulthood (from
0.5⬚C to 1.2⬚C ).22,41-45 While axillary temperatures

are not recommended in children and adults as an
accurate reflection of core temperatures,39,46 use in
neonates and newborn infants is clinically recommended since axillary bias and precision values
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TABLE 4. Temperatures in Degrees Centigrade for Test Temperature Devices (Temporal
Artery, Axillary) and Rectal Temperature Device in 34 Stable, Afebrile Neonates

All Temperatures*

Test Device-Rectal
Temperaturea
Bias ⫾ Precision

Number
Temperatures
⬎0.5⬚C

Number
Temperatures
ⱖ1.0⬚C

Temporal artery

37.0 ⫾ 0.41

0.30 ⫾ 0.44

9 (27%)

2 (6%)

Axillary

37.0 ⫾ 0.24

0.28 ⫾ 0.33

6 (18%)

1 (3%)

Rectal

36.7 ⫾ 0.37

Mean ⫾ SD.

a

found in other studies,5-9,11,37,39,46,47 similar to our
study, were small and clinically insignificant.
Despite acceptable bias and precision values for
both the temporal and axillary temperature devices,
25% of temporal artery, and almost 20% of axillary,
temperatures obtained were more than ⫾0.5⬚C different from the rectal device. These data emphasize
that not all temperatures obtained with these devices
will be within an acceptable range of variation.
Clinically, the temperatures obtained with either the
axillary or temporal artery device must be evaluated
within the context of the clinical situation. When
other clinical information is in disagreement with
noninvasive temperature values, clinicians should be
cautious of accepting these temperature readings and
consider repeating the temperature measurement
and/or use an invasive method for temperature
measurement (eg, rectal temperatures).
Because axillary temperatures are used in many
NICUs for monitoring of body temperatures in stable
neonates, we were interested in determining whether
temperatures measured with temporal artery thermometry would eliminate or decrease some of the
inevitable discomforts that occur for the neonate during axillary temperature monitoring. By observing the
neonate’s behaviors before and after the use of each
temperature device measurement, we found that a
large number (41%) of neonates experienced behaviors associated with discomfort with axillary temperature measurement but not with temporal artery measurement (only 9%). The only prior study to evaluate

discomfort with temperature measurement in hospitalized subjects found that infants had low scores of
discomfort with temporal artery temperature measurement,18 similar to our findings in neonates. Given
the statistical equivalence found in this study between
the axillary and temporal artery temperatures, clinical
use of the temporal artery thermometer may be a way
to decrease some of the discomfort to neonates associated with temperature monitoring without decreasing the accuracy of temperature measurement when
axillary temperatures are the standard for the NICU.
Similar to findings in this study with the temporal
artery device, axillary average temperatures were
slightly higher than rectal temperatures. While most
prior studies of axillary temperature devices in
neonates or infants that were compared with core
temperature devices found the opposite result, several
studies had similar findings to ours.11,20,47 Explanations
for this result with axillary devices are similar to those
previously discussed for the temporal artery results.

Limitations
It is important to note that the temperatures assessed
in this study were almost all in the normothermic
range, with no temperatures more than 37.5⬚C and
very few temperatures less than 36.5⬚C. The accuracy
of the temporal artery thermometer in neonates with
abnormal body temperatures is not known and additional studies are needed to validate the accuracy of
the device in these conditions. Prior studies evaluating the temporal artery thermometer found that the

TABLE 5. Changes in Discomfort Scores After Temporal Artery and Axillary Temperature
Measurements in 34 Neonates
Change in Discomfort Score

Temporal Artery (N ⫽ 34)

Axillary (N ⫽ 33)

⫺1

3

1

Same discomfort

0

28

18

More discomfort

⫹1

1

5

⫹2

1

7

⫹3

1

2

Less discomfort
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discrepancies between the temporal artery and invasive, core temperatures were greater in febrile subjects than in normothermic study subjects.17,23,37
Another limitation of this study is that we did not
restrict the measurement of temperatures to just 1 or
2 investigators (7 investigators measured temperatures), a common method used in many prior
temperature studies to improve accuracy with the
device. This approach was purposefully taken to better reflect the measurement error that could typically
occur in actual clinical practice situations. Since temperatures for all neonates in an NICU are not routinely obtained by a single individual, we felt that it
was important to determine the device performance
under more typical clinical user conditions. This
attempt to approximate clinical conditions, though, did
not completely reflect usual practice since many more
than 7 different individuals obtain temperatures in an
NICU each day. We did not formally test interrater
reliability. However, when investigators were trained
to use the devices and Discomfort Scale, they practiced until they obtained the same consistent results.
Larger bias and precision values may be found in
actual clinical practice situations with larger numbers
of clinical users than was found in this study.
Another limitation is that the study evaluated only
infants between the ages of 32 and 37 weeks’ gestation who were being cared for in an open crib or isolette. Whether similar results would occur in younger
infants or those in warmers is not known. The Infant
Discomfort Scale is also a limitation because of the
lack of established reliability and validity on neonates
in an NICU. In addition, further research needs to
be done using preterm infants at less than 32 weeks’
gestation.

Clinical Implications
p
Based on the findings
g of this study,
y the use of the
artery
temporal
p
y thermometer in stable, normotherto be a clinically
mic neonates appears
pp
y reasonable
measurement.
alternative to axillary
y temperature
p
artery
The statistical equivalency
q
y of the temporal
p
y and
coupled
axillary
y temperatures,
p
p with less discomfort to
artery
the neonate duringg temporal
p
y device use,
makes the temporal
p
artery
y thermometer an attractive
alternative for temperature monitoring in neonates.

CONCLUSIONS
This study
y found that body
y temperature
p
measured
with the temporal
p
artery
y thermometer is similar to
temperatures
p
obtained with an axillary
y thermometer
in stable, afebrile neonates. While both temperatures
p
were statistically
y different from invasive, core temperp
atures, the differences were within the standards set
measurement. Neonates
for noninvasive temperature
p
less discomfort with the temporal
artery
experienced
p
p
y
thermometer than with axillary thermometer method.
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